DC-DC Converter for Harvesting Energy from an Exercise Bike

by

Henry Ureh and Chris Henry

Senior Project

Electrical Engineering Department

California Polytechnic State University, San Luis Obispo

2009

Table of Contents
Section

Page

Acknowledgements ...................................................................................................................................... vi
Abstract ....................................................................................................................................................... vii
Introduction ................................................................................................................................................... 2
Requirements ................................................................................................................................................ 2
ABET Senior Project Analysis: (Sustainability Considerations) .................................................................. 3
Design ........................................................................................................................................................... 7
Overall Block Diagram for completing a Buck-Boost Converter:............................................................ 7
Block Diagram of Boost/Buck Converter: ................................................................................................. 7
Final Product Requirements: (Predicted).................................................................................................. 8
Problems to Consider in Final Design: (Predicted) ................................................................................... 8
Compared Circuitry: (Method used to Design) ......................................................................................... 8
Chosen Design:.......................................................................................................................................... 9
Schematic: ............................................................................................................................................... 10
Problems/Solutions and Ideas over the History of the Design Process:................................................. 10
Power Dissipation Calculation of the MOSFET, Schottky Diodes, and the LM5118 Controller Chip:..... 12
Pictures of the Bread Board Prototype: .................................................................................................. 14
Ratings Calculation:................................................................................................................................. 15
Test Plans .................................................................................................................................................... 17
Define project needs and requirements: .................................................................................................. 17
Develop specifications and state constraints:.......................................................................................... 17
Design Process used in the project:......................................................................................................... 18
Why we selected the Instruments for the VI: .......................................................................................... 18
Simulation of a Similar Circuit using LTM4607: ................................................................................... 18
Input Deck - Netlist for Simulation: ....................................................................................................... 19
How does the Test Suite Work: .............................................................................................................. 21
LabView: ................................................................................................................................................ 22
Main VI ............................................................................................................................................... 22
Block Diagram of Project: .................................................................................................................. 23
Hierarchy of Project: ........................................................................................................................... 23

ii

User Manual:........................................................................................................................................... 24
How to use the prototype and test suite. ............................................................................................. 24
How the prototype and test suite work................................................................................................ 24
Troubleshooting .................................................................................................................................. 24
End Documentation on Test Suite. ......................................................................................................... 25
Development and Construction................................................................................................................... 26
Pictures of Finished PCB ........................................................................................................................... 26
System Protection Requirement:................................................................................................................. 27
Integration and Test Results........................................................................................................................ 28
Problems encountered: ................................................................................................................................ 31
Ideas for Future Work: ................................................................................................................................ 32
Conclusions ................................................................................................................................................. 33
Appendices.................................................................................................................................................. 35
Appendix A: Parts List and Costs ........................................................................................................... 35
Appendix B: Gantt Charts ....................................................................................................................... 36
Appendix C: LAB MANUAL................................................................................................................. 38
Appendix D: User Guide ........................................................................................................................ 40
Appendix E: PCB Layout ....................................................................................................................... 41

iii

List of Tables and Figures
Table

Page

TABLE 1: SELECTION MATRIX .........................................................................................................................................9
TABLE 2: PROPERTIES OF SELECTED HEAT SINK ..........................................................................................................13
TABLE 4: NO LOAD TESTING WITH A VARYING INPUT OVER THE FULL RANGE...................................28
TABLE 5: LINE AND LOAD REGULATION CALCULATIONS. OUR LINE AND LOAD REGULATIONS
ARE VERY GOOD MOSTLY BECAUSE WE WERE UNABLE TO TEST OVER THE FULL OUTPUT
CURRENT RANGE. WE WERE ONLY ABLE TO TEST FROM 0 TO 2A. ................................................. 28
TABLE 6: DATA TAKEN AT A CONSTANT 30V INPUT FOR EFFICIENCY CALCULATIONS. ....................29
TABLE 7: DATA TAKEN AT A CONSTANT 60V INPUT FOR EFFICIENCY CALCULATIONS. ....................30
TABLE 3: PARTS REQUIRED FOR THE PROJECT LISTED WITH RATINGS, PRODUCT NUMBERS, AND
COSTS. PRICES OBTAINED FROM DIGIKEY.COM ..................................................................................35

Figures

Page

FIGURE 1: BLOCK DIAGRAM ILLUSTRATING OUR DESIGN PROCESS .........................................................7
FIGURE 2: BLOCK DIAGRAM FOR BOOST/BUCK CONVERTER ......................................................................7
FIGURE 3: SCHEMATIC OF OUR PROJECT. THE IMAGE WAS TAKEN FROM A NATION
SEMICONDUCTOR WEBSITE TOOL USED IN CONJUNCTION WITH THE DATASHEET OF THE
LM5118, HTTP://WWW.NATIONAL.COM/PF/LM/LM5118.HTML#OVERVIEW. ....................................10
FIGURE 4: HEAT SINK ...................................................................................................................................................13
FIGURE 5: ZOOMED IN VERSION OF PROTOTYPE. 1) OUTPUT CAPACITORS: WE PUT 2 LARGE HIGH
CAPACITANCE CAPACITORS ON THE OUTPUT TO BATTLE OUR PROBLEM WITH OUTPUT
RIPPLE IN THE PROTOTYPE. 2) FEEDBACK RESISTORS: WE PUT IN VARIABLE RESISTORS SO
WE COULD ADJUST THE OUTPUT VOLTAGE LEVEL TO 13.7V, AND THEN MEASURED THE
REQUIRED RESISTANCE VALUES. 3) INDUCTOR. 4) MOSFETS AND SWITCHES. 5) LM5118
CONTROLLER CHIP: THE CHIP IS SOLDERED ONTO A DIP ADAPTER SO WE COULD USE IT IN
THE BREADBOARD. .......................................................................................................................................14
FIGURE 6: BREAD BOARD PROTOTYPE .............................................................................................................14
FIGURE 10: CIRCUIT USED FOR SIMULATION ..................................................................................................19
FIGURE 11: OUTPUT OF SIMULATION WITH 5V INPUT. THIS SIMULATION SHOWS HOW OUR CHIP
TURNS ON AND HOLDS THE 13.7V IN THE BOOST MODE. FROM THE SIMULATION, WE SEE
THAT IT SHOULD TAKE AROUND 10 MSEC FOR THE CHIP TO REACH THE DESIRED OUTPUT
VOLTAGE.......................................................................................................................................................... 20
FIGURE 12: OUTPUT OF SIMULATION WITH 10V INPUT. THIS SIMULATION SHOWS HOW OUR CHIP
TURNS ON AND HOLDS THE 13.7V NEAR THE BOOST/BUCK SWITCHING MODE. FROM THE
SIMULATION, WE SEE THAT IT SHOULD TAKE AROUND 7 MSEC FOR THE CHIP TO REACH THE
DESIRED OUTPUT VOLTAGE. ......................................................................................................................21
FIGURE 13: OUTPUT OF SIMULATION WITH 20V INPUT. THIS SIMULATION SHOWS HOW OUR CHIP
TURNS ON AND HOLDS THE 13.7V IN THE BUCK MODE. FROM THE SIMULATION, WE SEE
THAT IT SHOULD TAKE AROUND 7 MSEC FOR THE CHIP TO REACH THE DESIRED OUTPUT
VOLTAGE.......................................................................................................................................................... 21

iv

FIGURE 14: FRONT PANEL OF MAIN VI ..............................................................................................................22
FIGURE 15: BLOCK DIAGRAM OF PROJECT ......................................................................................................23
FIGURE 16: HIERARCHY OF LAB VIEW ..............................................................................................................23
FIGURE 17: PICTURE OF FINISHED PCB .............................................................................................................26
FIGURE 18: PICTURES OF FINISHED PCB DESIGN ............................................................................................26
FIGURE 19: THIS GRAPH SHOWS THAT WE HAVE ~ 0 VOLTAGE RIPPLE ON OUR CONVERTER. ALSO,
SEE THE BELOW TABLES FOR OUTPUT VOLTAGE VARIANCE WITH A CHANGING LOAD. ........28
FIGURE 20: PLOTTED EFFICIENCY FOR VARYING LOAD. WE BELIEVE THE REASON FOR THE
UNUSUAL EFFICIENCIES FOUND AT LOW LOAD COMES FROM UNSTABLE READINGS ON THE
WATTMETER. IT WAS DIFFICULT TO DEFINE A EXACT VALUE WHEN THE INPUT WAS
VARYING SO DRAMATICALLY SO WE JUST CHOSE THE AVERAGE VALUE. ..................................29
FIGURE 21: PLOTTED EFFICIENCY FOR VARYING LOAD. WE BELIEVE THE REASON FOR THE
UNUSUAL EFFICIENCIES FOUND AT LOW LOAD COMES FROM UNSTABLE READINGS ON THE
WATTMETER. IT WAS DIFFICULT TO DEFINE A EXACT VALUE WHEN THE INPUT WAS
VARYING SO DRAMATICALLY SO WE JUST CHOSE THE AVERAGE VALUE. ..................................30
FIGURE 22: GANTT CHART OF OUR ACTUAL PROGRESS OVER THE 2 QUARTERS. ................................36
FIGURE 23: GANTT CHART OF PROJECT PROGRESS OVER THE 2 QUARTERS. ........................................37
FIGURE 24: SHOWN IS THE PCB LAYOUT WITH THE FUSE LOCATION CIRCLED IN LIGHT BLUE. THE
FUSE SHOULD BE PLACED ACROSS THESE PADS. .................................................................................40
FIGURE 25: SHOWN IN THE PCB LAYOUT ABOVE IS THE TEST LOCATIONS FOR INPUT AND OUTPUT
ALONG WITH GROUNDS. THE IN AND OUT LOCATIONS ARE CIRCLED IN LIGHT BLUE AND
THE GROUNDS RESPECTIVELY ARE CIRCLED IN PURPLE. ..................................................................40
FIGURE 7: 1ST DRAFT PCB LAYOUT, STILL NEED TO CHANGE TRACES OF HIGHER CURRENT'S
THICKNESS. WE WILL BE WORKING ON THIS OVER THE SUMMER. ................................................41
FIGURE 8: FINAL PCB LAYOUT DESIGN USED FOR PRODUCTION. THIS DESIGN TOOK INTO
ACCOUNT ALL THE TECHNIQUES FOR CREATING A PCB LAYOUT. WE USED 3 SEPARATE
GROUND PLACE, IN, OUT AND SIGNAL GROUND AND MADE THEM ALL COME TOGETHER AT
A SINGLE POINT NEAR THE SENSE RESISTOR. WE INCREASED THE WIDTHS OF HIGHER
CURRENT PATH TRACES. FINALLY WE TRIED TO MAKE THE CRITICAL CURRENT PATHS IN
THE CIRCUIT TAKE UP MINIMAL BOARD SPACE. ..................................................................................42
FIGURE 9: SCHEMATIC USED TO CHECK THE CONTINUITY OF THE ABOVE PCB LAYOUT. THIS
ENSURES THAT THERE ARE NO MISSING CONNECTIONS. ..................................................................43

v

Acknowledgements
We are deeply grateful to our advisor, Professor David Braun, for giving us the opportunity to
work on this project with him. We are thankful for all his help and support throughout the course of the
project.
We would like to thank Dr. Taufik for his invaluable input that helped us overcome some of the
obstacles we faced during the design and test phase of our project.

Henry Ureh and Chris Henry
San Luis Obispo, CA
December, 2009

vi

Abstract
Create an efficient buck-boost converter that adapts to input voltage range from ~3.8V to 70V,
and outputs 13.7V DC, the voltage required by a charge controller to charge a battery. The
energy stored in the battery will be supplied back to the grid.
The cost of energy saved by the converter should eventually cover the initial price of the
converter. The converter should help reduce the net power consumption of the exercise machines
used in the Cal Poly gym

vii

Introduction
It is our goal to create a Buck-Boost converter to help harness the energy that would otherwise
be wasted in the new Cal Poly gym. When a person uses an exercise machine, he/she puts
energy into that system. In the past, students have created a motor that will capture this energy
and store it in a battery. To charge the battery, the constant floating voltage required by the
ProStar charge controller used in the system is 13.7V. The output voltage from the exercise
machine varies from 0 to around 70V depending on the level of intensity of the user’s workout.
Therefore, it is our job to design an electronic system that will boost those voltages from 0V13.6V to 13.7Vand buck those voltages from 13.8V-60V down to 13.7V so that the battery is
constantly charging during the entire duration of the user’s workout. Benefits for the entire
system are obvious because we are utilizing energy that would have been wasted. We will design
the system so it costs the school $0 with hopes of doing even better than those projected. Also,
we will design the system so that it meets general safety requirements. The system must not pose
any threat to shock the user and must tolerate spills on or around the machine without posing a
threat to the user.

2

Requirements
1. The system should be small since space is an issue for the final design.
I.
The volume should be about 26 cubic-inches (5.2 X 2.5 X 2)
2. Buch-Boost components should require little power themselves to promote higher efficiency.
I.
The converter should dissipate no more than 7W at full load
II.
Circuit should achieve a minimum efficiency of 75% at full load.
3. The system should be well-built since it will be placed on a mechanical system that will be in
use. (May get bumped).
I.
The system must be bolted and enclosed in a chassis for safety and rigidity.
4. The system should be safe to use, hence there should be no chance of shocking the user.
5. The system should be very cheap to insure that the product as a whole is in fact at least
paying itself off, if not generating more income.
I.
A single unit of the system should be no more than $60
6. The system should meet all of the design specifications stated below:
I.
Circuit should receive 3V– 70V on the input
II.
Circuit should output a constant value of 13.7V
III.
Circuit should have low ripple on the output, 20%
IV.
Circuit should have high current loops rated at 15A
7. The user manual for the circuit should be self-explanatory and easy to use.
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ABET Senior Project Analysis: (Sustainability Considerations)
At first glance, the design idea seems to prevent sustainability of the Earth due to its use of raw
materials in construction. However, in actuality, the power generation of this system outweighs
the cost of the raw materials. The DC-DC converter is used in this system to harness the power
created by a person riding a stationary bike in a gym. It takes a fluctuating DC voltage created by
a generator attached to the wheel of the stationary bike as an input and converts this fluctuating
voltage to a single DC value with small ripple on the output.
Furthermore, our design uses a controller that does not require independent rails to operate and
works with only the input from the generator. Thus there is no cost in power to turn “on” the
device or to keep it running when the system is idle. Stated below is a more in-depth analysis of
the product’s sustainability qualities.
1. Economic
To make this system viable, we must design it to fulfill strict economic requirements.
Our project must at least pay itself off over its lifespan and help reduce the net cost of
energy in Cal Poly’s gym. Using future value and complex economic situations, we
completed an economic analysis to show that this indeed will happen. Also we must
remember that our time in designing also adds to the cost of the system.
Economic savings are obvious in such a design. Using electricity costs money, so once
the school starts using our product, the school will decrease its need for electricity and
thus decrease the amount of money that it spends to power the gym. More to the point,
the project will pay itself off and start to pay the school back over its lifetime, so the
school will actually make money off of using our design. The power companies will see
economic gain from the implementation of the design since they make more money when
less energy is consumed.
2. Environmental
To make the system appealing to the customers, we tried to be as environmentally
friendly as possible. We recognize that the final result is a physical object and thus uses
materials in manufacturing. So it is important to design the system so that maybe the
system is recyclable or is easily disposed without too much adverse effect on the
environment. Also we recognize the benefits of our system to the environment. The
converter creates power where otherwise it would be lost, so the power plants will not
need to generate as much power. Thereby, decreasing the amount of materials used up to
power the gym and helping the environment.
The environment benefits greatly from our product. Currently, the most prevailing way to
create the electrical power in America is through large power plants that burn fossil fuels.
These power plants have a large adverse effect on the environment. They use up the raw
materials provided by the Earth and pollute the Earth with harmful by-products. With this
3

in mind, people have created “green” ways to create power without harming the
environment such as solar, wind, etc. Our project fits as one of these green products. The
system creates power from energy that would otherwise be wasted and has no harmful by
products other than the materials used in the construction; however, the design also took
this into account and made sure that waste was minimal.
3. Energy
Energy is the key issue that our project deals with. When used in the Cal Poly gym, the
combined generation of electrical power by all the stationary bikes creates enough
power to at least power the LCD screens displaying the video that the users watch. The
energy that it would have taken to power these video displays is saved and thus the
power company generates less power. Furthermore, the DC-DC converter is self
powered, so no power is wasted on powering the electronics.
The savings in power for a single exercise bike might seem insignificant, but when one
extrapolates the effective savings that would be incurred if this new converter were
added to all the stationary bikes in the Cal State network, approximately 50 bikes per
university times the 23 cal states times KWH needed to run the bike and LCD seems to
be much more considerable. In these tough economic times and with California
searching for means of creating renewable power for the state, our project team thinks
any savings should certainly be embraced.
4. Sustainability
Our system provides for more sustainability by enabling the new gym to create power
from the otherwise wasted energy supplied by people working out. For example, the
power it takes to run the LCD TV’s will be generated by those exercising, and thereby
making the gym more efficient.
5. Manufacturability
When our design has been completed the customer will want to be able to produce the
product cheaply and quickly. We must then take into account the manufacturability of
the product. We kept the design simple and provide our own layout for the PCB so that
the devices may be created in an assembly line if desired.
6. Equity
The definition, as described by dictionary.com, of equity is something that is fair and
just for all, socially and politically. There may be some problems with equity in our
design, since we undercut the power companies profits by making a system that
performs the job better than what they have. We do live in a free market, however, and if
a better solution to the school’s need for electricity is out there than it is unrealistic to
believe that the school would choose the more expensive option. If the power company
even complains about the product, it may only serve to make them think of ways to
create power in a “green” fashion also.
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7. Ethical
As with any engineering project, we must make sure that every aspect of the product
design, implementation, and disposal is ethical. To analyze the ethical issues I used the
philosophical principle, the greater good for the most people. This system will allow for
a more cost efficient gym at Cal Poly. First, the students will save on tuition costs
because Cal Poly will have to charge less to be able to keep their facilities running.
Second, the school will save money on the power bill, displace the cost to power the new
gym, and also will gain the ability to boast about their environmentally friendly power
saving equipment. And finally, Cal Poly will need less power, therefore, enabling the
power created from power plants to be distributed to the community in the central coast
instead of powering the new gym. (May be small in comparison but still has an effect).
Therefore, everyone affected by our product is gaining an advantage.
8. Health and Safety
Also with any engineering project, the health and safety of the user must be considered.
Our system must not provide any threat to the user. That is, there will be no chance of
the user getting shocked or burned, and the chassis will allow for liquid spills since water
bottles will be probably be present.
9. Social
The social impact of the system depends of the visual aesthetics of the product.
Therefore, our project must be visually pleasing or hidden small enough to be hidden
away under the seat or behind the machine.
10. Political
Finally, finding new ways to use less power has been a key argument in the forefront of
governmental debates for quite some time, so analyzing our system with respect to
considerations is simple. Our system poses a new way to use less power while achieving
the same result, a powered gym, therefore costing the school less money and helping the
environment at the same time.
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Design principles for green engineering explained
1. Engineer processes and products holistically, use systems analysis, and
integrate environmental impact assessment tools.
 We designed the system in a way that minimizes environmental impact.
The product already generates power in a green fashion, which helps the
environment as discussed above, but also we designed the converter so
that the waste involved at the end of the lifetime is minimal also.
2. Conserve and improve natural ecosystems while protecting human health
and well-being.
 The design reduces the need for electrical power to be generated, thus
decreasing the need for people to plunder the world to find more fossil
fuels to burn to create more power.
3. Use life-cycle thinking in all engineering activities.
 The application must either be recyclable or must not impact the
environment corrosively when moved to a waste facility
4. Ensure that all material and energy inputs and outputs are as inherently safe
and benign as possible.
 Since the design idea deals with high voltages and high power, the
circuitry must pose no threat to the user in the way of shocking or sparking
while operating or just sitting idle. Also, the chasis would have to be
designed to not pose any danger to the user. (for example: sharp edges)
5. Minimize depletion of natural resources.
 The system is very small and uses the smallest amount of materials
possible to accomplish its goals as a converter of DC voltages.
6. Strive to prevent waste.
 As stated previously, we will choose the materials so that the product will
either be recyclable or will decompose quickly in a landfill in future
designs.
7. Develop and apply engineering solutions, while being cognizant of local
geography, aspirations, and cultures.
 It is American culture to want new and improved electronic devices and
new ways to provide energy, we have provided that.
8. Create engineering solutions beyond current or dominant technologies;
improve, innovate, and invent (technologies) to achieve sustainability.
 We harness the power from an exercise machine to power electronics in
the gym.
9. Actively engage communities and stakeholders in development of engineering
solutions.
 We have already been recognized by Cal Poly and they will be
implementing our design in the new gym expansion taking place soon.
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Design
Overall Block Diagram for completing a Buck-Boost Converter:

Figure 1: Block Diagram Illustrating our Design Process

Block Diagram of Boost/Buck Converter:

Figure 2: Block Diagram for Boost/Buck Converter
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Final Product Requirements: (Predicted)
•
•
•

Easy to Manufacture
o PCB Layout
Safety Considered
o Water Proof chassis
Economical Analysis over product lifetime

Problems to Consider in Final Design: (Predicted)
1. Pedaling patterns: The user may not pedal at a constant rate.
2. Water Spills: The chassis for the electrical equipment needs to be encased in a water
proof capsule.
3. Ripple Output makes the pedaling jumpy for the user: User needs to experience the
normal operation of the exercise bike. The pedals cannot jump in resistance in certain
places.

Compared Circuitry: (Method used to Design)
1. Boost-Buck Converter
The boost-buck converters allow for a large input voltage range and can hold the output
voltage at the desired level with high efficiency. Shown are 2 of the wide range
controller chips we found from Linear Technology and from National Semiconductor.
a. LM5118 – 3V – 75V Buck-Boost DC/DC controller
b. LTM4607 – 4.5 – 36Vin, 24Vout High Efficiency Buck-Boost DC/DC µModule
2. Flyback Converter
The flyback converter has some advantages over the Boost-Buck converters above. For
instance, they isolate the systems from surges in grid power, however, this converter
does not allow for a large enough input voltage range to meet our requirements.
3. Voltage Regulator
4. Voltage Doubler
5. Amplifiers
Systems utilizing the ideas 3, 4 and 5 would not work for our specifications. Since we
define that the output voltage maintains the value of 13.7V with any input voltage from
3 – 20V, then we cannot use linear devices like these in which the output voltage would
vary with input voltage.
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Table 1: Selection Matrix

Boost-Buck
Converter

Flyback
Converter

Voltage
Regulator

Voltage
Doubler

Amplifiers

Most Efficient (7892%)
Provision of output
voltage Higher
than the Input
voltage

Efficient (78 - 90%)
Provision of output
voltage Higher
than the Input
voltage

Efficiency of
about 30-60%
Output voltage
lower than Input
voltage

Efficiency of about
30-60%
Output voltage
lower than Input
voltage

Efficiency of about
30-60%
Output voltage
lower than Input
voltage

Output voltage is
Independent of
Input

Output voltage is
Independent of
Input

Output voltage
vary with Input
voltage

Output voltage
vary with Input
voltage

Output voltage
vary with Input
voltage

Provision of
multiple outputs

Provision of
multiple outputs

Single Output

Single Output

Single Output

Smaller
component Size
due to higher
frequency

Smaller
component Size
due to higher
frequency

Bigger component
Size in High
voltage
applications

Bigger component
Size for High
Voltage
applications

Bigger Component
Size for Higher
Voltage
applications

Higher Output
Ripple/Noisy

High output
Ripple/Noisy

No output
Ripple/Quiet

No output
Ripple/Quiet

No output
Ripple/Quiet

More complicated
than the Linear
Regulators

Most Complicated

Less Complicated
than converters

Less Complicated
than converters

Less Complicated
than converters

Chosen Design:
Boost-Buck Converter- LM5118
1. The LM5118 covers a wider input voltage range when compared to the LTM4607, which
makes it more applicable to the large range of voltage we expect from the generator
attached to the exercise bike.
2. The LM5118 uses a less complicated circuitry than the LTM4607, making it a preferable
choice considering the small time frame for completing the project.
3. Due to the fact that a fuse is placed at the input of the converter and the output of the
converter will be connected to a battery through a charge controller, there is no need for
an isolated topology like the flyback converter.
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Schematic:

Figure 3: Schematic of our Project. The image was taken from a Nation Semiconductor website tool used in conjunction
with the datasheet of the LM5118, http://www.national.com/pf/LM/LM5118.html#Overview.

Problems/Solutions and Ideas over the History of the Design Process:
1. Generator Choice
a. Required to wait for the generator to be selected to define product specifications
b. Solution: Found a chip that enabled a large enough range that the generator
selection was unimportant
2. Adapters
a. Prototype fabrication delayed since we ordered the wrong type of adapters for the
LM5118
i. LM5118 is surface mount and requires a DIP adapter to use a protoboard
for testing
b. Initial order of SSOP adapters changed to DIP adapters
3. Bread Board
a. The pins from the DIP adapter are too small to connect with the breadboard fully
without pressing down on the chip
b. Bread board is not rated for such high currents
c. Solution: Use Protoboard for preliminary testing
4. Wire Gauge
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a. The wires will also need to be rated for the 20A that will possibly be flowing
through the circuit, including jumper wires, in the boost/buck loop.
5. LM 5118 Heating
a. The LM5118 chip over heats when used
b. Solution: Use fans on the chip until we can design a heat sink to place over it
i. Next Step: Heat Sinks see below
6. MOSFET, Diode and LM5118 Heat Sinks
a. The initial prototype design tested only at small currents, less than 1A
b. Shown later are calculations for heat sink dimensions
7. Idea for cooling the system
a. Use the airflow provided by the moving wheel on the exercise bike to run over the
electronics through the heat sinks.
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Power Dissipation Calculation of the MOSFET, Schottky Diodes, and the
LM5118 Controller Chip:
One of the goals while designing the DC-DC converter is to minimize power loss due to heat.
The content below provides the power loss calculations, and the recommended heat sink to help
maintain the temperature of the components at a minimum possible temperature above ambient
temperature.
The following data used for the power loss calculation were obtained from the datasheets of the
components chosen.
MOSFET
Thermal Resistances:
R JC Junction-to-Case = 3.3 oC/W
R JA Case-to-Ambient (PCB mount) = 50 oC/W
R JA Junction-to-Ambient = 110 oC/W
Package – D-PAK
Tj (Junction Temperature) = -55 to +175
Rds(on) = 0.065Ω
Duty Cycle = 78% (See page 17)
Power dissipated by the MOSFET at room temperature of 25oC and at Max Load of 15A:
Without Heat Sink
Pavg = I2 rms * Rds(on) * (1-D) = 17  0.065  0.22 3.2
Recommended Heat Sink
Since the package of the FET is a D-PAK surface mount, a copper surface will be created on the
PCB, below the junction of the component. Through- holes will also be created via the PCB and
filled with copper to increase heat flow.
Diode
Thermal Resistances:
R JC Junction-to-Case = 2.0 oC/W
R JA Junction-to-Ambient = 60 oC/W
Package – TO-220
Tj (Junction Temperature) = -66 to +175
Duty Cyle = 78% (See page 17)
Power dissipated by the Diode at room temperature of 25oC and at Max Load of 15A:
Without Heat Sink
PD =     1  .78 0.75  15  0.22 2.47
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Figure 4: Heat Sink

Table 2: Properties of Selected Heat Sink

Height 0.44” (11.18mm)
Material Package Cooled TO-220
Power Dissipation @
Temperature Rise
Series
Thermal Resistance @
Forced Air Flow
Outline L x W

1W @ 20°C
6.0 °C/W @ 400 LFM
19.05mm x 28.45mm

The heat sink above is recommended for a junction temperature of 45oC.
The heat sink can be found at http://parts.digikey.ca/1/1/2383-heatsink-220-clip-blk575102b00000g.html

LM5118 Buck-Boost Controller
TSD Thermal Shutdown Temperature 165 oC
o
JA Junction-to-Ambient 40 C/W
o
JC Junction-to-Case 4 C/W
Package – TSSOP
Power Dissipated through the LM5118 chip:
P = I * V = 5V * 1.85mA = 9.25mW.
The copper surface of the PCB is recommended as a heat sink.
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Pictures of the Bread Board Prototype:
We used this device to test that our schematic with our calculated values would provide the correct output
and to test our
test suite talked
Ramp Capacitor
UVLO Resistors
about below.
Output
Capacitors

Compensation
Capacitor

Feedback Resistors

Vcc Capacaitor
Compensation Resistor

FET

Input Capacitor
LM5118 Buck/Boost
Controller

Diodes
Inductor

Sense Resistor

Pole Capacitor
Figure 5: Zoomed in version of Prototype. 1) Output Capacitors: We put 2 large high capacitance capacitors on the
output to battle our problem with output ripple in the prototype. 2) Feedback Resistors: We put in variable resistors so
we could adjust the output voltage level to 13.7V, and then measured the required resistance values. 3) Inductor. 4)
MOSFETs and Switches. 5) LM5118 controller chip: The chip is soldered onto a DIP adapter so we could use it in the
breadboard.

Output
Capacitors

UVLO Resistors
Compensation
Capacitor

Output Terminal

LM5118 Buck/Boost Controller
Diodes

Sense Resistor

Input Terminal

Inductor
Figure 6: Bread Board Prototype
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Ratings Calculation:
To withstand the converter rated current and voltage values, the components used to design the
DC-DC converter were properly sized. We assumed the circuit would always operate in
Continuous Conduction Mode and not Discontinuous Conduction Mode. In other words, the
current in the inductor will not be fully discharged before the next charging cycle of the inductor
begins. And the minimum load current should be greater than the maximum ripple current. Due
to the switching frequency, there will be considerable amount output voltage ripple. A sized
output capacitor, as shown in figure 7, will be added to reduce the ripple on the output. For
calculation purposes, we assumed the maximum inductor ripple will be 20%.
The LM5118 controller utilizes the current mode control, which means it senses both the output
voltage and the output current. A current sense resistor of a very small value (0.015mΩ is
placed across a LM5118 controller built in amplifier which senses the output current value. The
output voltage is controlled via the feedback path of the controller.
The following assumptions and calculations were made for sizing of the components.
Assumptions
Vout = 13.7
Vin = 3.8V (lowest) to 70V(Highest)
F = 300KHz
Minimum Load Current (CCM Operation) = 600mA
(CCM: Continuous Conduction Mode)
Maximum Load Current = 15A
Vout = Output Voltage
Vin1 = Maximum Input Voltage
F = Switching Frequency
Iripple = inductor pk-pk ripple current(6A Selected)
Vin2 = Minimum input voltage

Inductor:
1

2

 1  
!"# $%
1    

13.770  13.7
70  300&  6

2 
!"#  !* $%
  ) 2    
14μ(

6.1μ(
3.870
70 ) 3.8  300&  6

At constant output voltage, a lower inductance allows a higher rate of change of current.
A 10µH inductor was selected as a compromise.
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Using L = 10µH
 !"#

13.770  13.7
70  300&  10μ(

3.67+

2 
!"#  !* $%
  ) 2    
3.870
12.17+
70 ) 3.8  300&  10μ(

 !"#  !*

,* * !"#

1.25
10 -  .#

,* * !"#  !*

1.25
0.034Ω
10 - 3.67
1.25
1.25
10 -  .# 10 - 12.17

0.0205Ω

Rsense should be no more than 20mΩ. Therefore Rsense value of 15mΩ was chosen
0.1

  102  6
10  ,* *

3303

Output Capacitor
 - 41.5
001
 - 6 

2 - .78241.5
300& - .05

104μ3

As shown in figure 16, 5 output capacitors were placed in parallel so as to achieve a lower
ESR value.
Where:
789:
41.5
7;<=789:
6  501
2>,1.5

6 
 .#

.782

0.05
12.17

4.11Ω

Diode & FET Ratings
Average current is used for the current rating, while peak output voltage is used for the voltage
ratings of the components.
Current Rating (For Iout = 2A)
Assuming highest duty cycle for Buck mode = 0.5
Idiode = Iout X (1-D) Buck Mode = 15 X (1-0.5) = 7.5A
Idiode = Iout (Buck-Boost Mode) = 15A
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Voltage Rating
Vm = 70V

Test Plans
In EE413, we designed a test suite to test our dc-dc converter over a smaller voltage range. The
dc-dc converter design should receive a range of input voltages, 3V – 20V, and output a constant
13.7V. Our program will measure all voltages and currents of the design by supplying the input
through the desired range and then calculating the efficiency and regulation of the system.

Define project needs and requirements:
General Needs:
•
•
•
•
•
•
•
•

self-explanatory
accurate
sustainable
rapid operation
consider all users
easy to use
cost efficient
safety

To enhance productivity and efficiently collect data of a power supply, and that we test
the full capabilities of a DC to DC converter.

Develop specifications and state constraints:
The design for the boost/buck controller will be running at smaller voltages than what industry
would normally use. The reason for testing with a smaller range is that the power supply we're
using limits the maximum supply voltage to 20V. To account for problems with currents and
powers of the system, implementing voltage divider circuits at the load side to maintain a lower
current will fix this issue. We must keep the current below 3A to ensure that we don't damage the
equipment or receive false readings. Furthermore, it was suggested that we use the Keithley
power supply since its range extended all the way to 80V, however, the Keithley can only handle
500mA max and that would not meet our needs. Since we are limited to this particular lab
equipment with the GPIB interface, we must restrict our testing to these conditions. Though we
do have these restrictions, this project should still help, since all the preliminary testing can be
completed using the smaller voltage range to see if the electronics are functioning correctly.
•
•
•

Circuit should receive 3 - 20V on the input
Circuit should output a constant value of 13.7V
Test software should display measurements
17

Voltages, currents, efficiency, and regulation
Maybe ripple
Circuit should comply with all general requirements in the above section
o
o

•

Design Process used in the project:
The design process began by initially defining the scope of the project and the requirements.
Since this project will convert energy from a bicycle to electricity for use, the implemented
circuit is supposed to take varying voltages from a generator and then output a constant voltage
of 13.7V. The range of 3V-20V was selected to meet specifications of that the generator might
have. Due to the limiting supply voltage of the power supply in the lab, 20V was the maximum
that the circuit will be able to supply for this project. To convert the varying voltages to a
constant 13.7V, many designs were considered. After carefully examining the various strategies,
we decided to use a buck/boost converter for our design. The next stage was to implement and
test the project. Once the project was verified to work, all the documentation was written to
support the project.

Why we selected the Instruments for the VI:
The equipment that we are using for our final project consists of the Agilent DC power supply,
the Agilent multimeter, and the Fluke multimeter. The Agilent multimeter will measure the
current and the Fluke multimeter will measure voltages. The reason the Agilent multimeter will
be used to be measure the current as opposed to having the Fluke do it is because the Agilent has
higher current capabilities than the Fluke does. Since this project is a DC based project, there is
no need to use an oscilloscope. The goal of this project is to measure input power, output power
and efficiency. Since this is the case, just measuring voltages and currents is all that is needed.
When developing and testing the system, writing the VI’s to ensure that the unit was capable of
collecting data was first. After the unit properly acquired data from the instruments, calculations
were programmed into the VI for input power, output power and efficiency. The VI was then
programmed to output the raw data to a text file.

Simulation of a Similar Circuit using LTM4607:
Circuit Used for Simulation (Downloaded from Linear Technology - Simulation Models for
LTM4607- Link to model). The reason we could not use the LM5118 was because National
Semiconductor does not provide a model for this chip. After pursuing the model we discovered
that in order to get the LM5118 model we would have to pay a company to design one for us. So
we used a similar boost/buck chip from Linear Technology which had a model.
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Figure 7: Circuit used for Simulation

Input Deck - Netlist for Simulation:
•

This simulation was created by Chris Henry and Henry Ung for Project 3 of EE413.

L1 N001 N002 3.3µ Rser=1m
R1 N004 0 7.5m
R2 0 N008 6.153K
V1 IN 0 5
C1 N010 0 .01µ
R3 N006 N005 100K
C2 IN 0 150µ Rser=35m
C3 IN 0 10µ Rser=20m
C4 OUT 0 180µ Rser=32m x2
R4 N005 N009 4.64K
R5 N009 0 1.21K
R6 IN N003 51K
D1 0 N003 1N750
C5 OUT 0 22µ Rser=5m x2
XU1 N008 OUT 0 N001 IN N002 N004 N004 0 N006 N005 N009 N003 N010 N003 N007
NC_01 0 0 NC_02 LTM4607
Rload OUT 0 10
.model D D
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.lib C:\PROGRA~1\LTC\LTSPIC~1\lib\cmp\standard.dio
.tran 10m startup
•
•

LTM4607 - 36 VIN, 24 VOUT Buck-Boost DC/DC uModule\nInput: 5V-20V Output:
13.7V @ 1.38A
Note:\n If the simulation model is not found please update with the "Sync Release"
command from the "Tools" menu.\n It remains the customer's responsibility to verify
proper and reliable operation in the actual application.\n Component substitution and
printed circuit board layout may significantly affect circuit performance or reliability\n
Contact your local sales representative for assistance. This circuit is distributed to
customers only for use with LTC parts\n Copyright © 2008 Linear Technology Inc. All
rights reserved.

.lib LTM4607.sub
.backanno
.end

5V Input - With a 10Ohm Load

Figure 8: Output of Simulation with 5V Input. This simulation shows how our chip turns on and holds the 13.7V in the
boost mode. From the simulation, we see that it should take around 10 msec for the chip to reach the desired output
voltage.

10V Input - With a 10Ohm Load
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Figure 9: Output of Simulation with 10V Input
Input.. This simulation shows how our chip turns on and holds the 13.7V near
the boost/buck switching mode. From the simulation, we see that it should take around 7 msec for the chip to reach the
desired output voltage.

20V Input - With a 10 Ohm Load

Figure 10: Output of Simulation with 20V Input
Input.. This simulation shows how our chip turns on and holds the 13.7V in the
buck mode. From the simulation, we see that it should take around 7 msec for the chip to reach the desired output
voltage.

How does the Test Suite Work:
The test suite takes a starting
ting input voltage, stopping input voltage, a voltage input step, and
power supply current limit. After the values are inputted into the VI, the system will calculate
input power, output power, and efficiency. It will also graph these values for the user to
t see. It
then programs the instruments to the starting voltage and collects the data for that input voltage.
After it completes one iteration, the input voltage increases by the step input and repeats the tests
again.
Here's the LabView Library for this project:
Project_3.llb
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LabView:
Main VI

Figure 11: Front Panel of Main VI
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Block Diagram of Project:

Figure 12: Block Diagram of Project

Hierarchy of Project:

Figure 13: Hierarchy of Lab View
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User Manual:
How to use the prototype and test suite.
•

•

Prototype
o The Prototype has been designed to require minimal work for the user. The three
wires exposed away from the bread board are GND, VIN, and VOUT colored
white, red, and black respectively. To setup the circuit the user just connects the
system's GND to the GND pin and then connects the VIN to the DC voltage
supplied. The regulated voltage is read on the output wire, VOUT.
Test Suite
o After connecting the prototype to the test equipment, input a starting voltage
ranging from 3V-20V and a stop voltage from 3V-20V. If the starting voltage is
greater than the stopping voltage, the step voltage must be a negative properly
gather data correctly. If the starting voltage is less than the stopping voltage, the
step voltage must be positive. Now, select the proper current limits for the tests
(as high as 1.5A). Hit the run button at the top for the software to collect data.
Switching data output tab will display real-time data and plot three graphs when
the software completes data collection.

How the prototype and test suite work.
•

•

Prototype
o As seen in the schematic shown above, an input voltage come into the circuit on
the VIN wire and the controller chip, LM5118, sense if the voltage is below or
above 13.7V. If the voltage is lower than 13.7V the loop containing the top
MOSFET in a boost configuration switches on and off until the output reaches the
desired voltage, and when the voltage is higher than the 13.7V the loop containing
the lower MOSFET creates a Buck configuration that pulls the output voltage
down to the desired voltage.
Test Suite
o The test suite works by collecting the input voltage, input current, output voltage,
and output current. After the software finishes collecting the data, the suite will
calculate input power, output power and efficiency. Data also outputs to a text file
that excel can import. Under the data output tab, where the graphs are located,
there is a sustainable mode. This mode saves CPU resources by not creating an
array of data and outputting the values to the graphs on the display.

Troubleshooting
•

If after inputting all the data into the software, none of the instruments are responding,
make sure that all instruments hooked up on the GPIB connection are on. If the
instruments do not respond still, restart the computer and retry the software again. If the
graphs do plot or the real-time data does not update actively, make sure that sustainable
mode is not on by accident. This feature saves CPU resources and energy by not updating
the graphs or real-time data.
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•

•
•
•

If no output appears in the graphs and real-time data and you wanted to see information,
check the sustainability mode button on the front panel.
o Still if no output appears then check to make sure the circuit is hooked up
correctly as discussed above.
If the current seems to limit at a certain point that you don't want it to, then check the
current limit text box on the front panel and make sure the desired limit is inputted.
If your data seems sparse then decrease the size of your increment in the 1st page of the
front panel.
The range of the boost-buck converter is only from 3 to 50V, so if your input voltage
exceeds this range we cannot be responsible for strange outputs.

End Documentation on Test Suite.
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Development and Construction
Pictures of Finished PCB
Input Capacitor

Mosefet 1
Boot Resistor

Fuse

Inductor

Ruv1
Renable

Diode1

Cinx
Ruv2

Output Capacitor
Ccomp
Rfb2
Rf b1
Figure 14: Picture of Finished PCB

Inductor

Inductor

Output Capacitor
Diode2
Mosefet 2

Diode1
Input Capacitor
Fuse

Figure 15: Pictures of Finished PCB Design

LM5118 Buck/Boost Controller
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Ground Plane Via

System Protection Requirement:




Added requirement of protection against current levels that would damage our system or
the generator.
o Options:
 Fuse
• Inexpensive
• Small
• Limited ability to change trip settings
o Need to resolder
o Can use a surface mounting component that we can snap
fuses in and out.
• Harder to find for our trip current level at also the desire voltage.
 Controlled sense relay
• Expensive
• Easier to change trip settings
• More board space required
Future Implementation:
o For now we soldered the fuse directly onto the PCB, however, we want to use a
device that will allow the users to change the fuse easily
 A small holder that we solder on in the place of the fuse and then snap the
fuse into place.

27

Integration and Test Results
Table 3: No load testing with a varying input over the full range.

Vin
5
10
15
20
25
30
35
40
45
50
55
60

Vout
14.27
14.27
14.27
14.27
14.27
14.27
14.27
14.27
14.27
14.27
14.27
14.27

No Load Ripple
16
Voltage Out (V)

14
12
10
8
6
4
2
0
0

10

20

30

40

50

60

70

Voltage In (V)
Figure 16: This graph shows that we have ~ 0 voltage ripple on our converter. Also, see the below tables for output
voltage variance with a changing load.

Table 4: Line and Load Regulation Calculations. Our line and load regulations are very good mostly because we were
unable to test over the full output current range. We were only able to test from 0 to 2A.

Vo(nom) (V)
Vo(minin) (V)
Vo(maxin)(V)

14
14.259
14.261
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Vo(NL)(V)
Vo(FL)(V)
Line Regulation(%)
Load Regulation
(%)

14.27
14.261
-0.014
-0.063

Table 5: Data taken at a constant 30V input for efficiency calculations.

Vin (V)
30
30
30
30
30
30
30
30
30
30
30
30
30
30

Pin (W)
1.3
1.68
3.1
4.6
6.5
8.5
10.8
12.9
14.9
16.8
18.7
20.7
22.3
24

Vout (V)
14.28
14.28
14.28
14.28
14.28
14.28
14.28
14.28
14.28
14.277
14.276
14.275
14.273
14.272

Iout (A)
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1
1.1
1.2
1.3
1.4

Pout (W)
1.428
2.856
4.284
5.712
7.14
8.568
9.996
11.424
12.852
14.277
15.7036
17.13
18.5549
19.9808

Efficiency (%)
1.098461538
1.7
1.381935484
1.24173913
1.098461538
1.008
0.925555556
0.885581395
0.862550336
0.849821429
0.839764706
0.827536232
0.832058296
0.832533333

Efficiency (%)

Efficiency Plot with Vin Set to 30V
1.8
1.6
1.4
1.2
1
0.8
0.6
0.4
0.2
0
0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

Current Out (A)
Figure 17: Plotted efficiency for varying load. We believe the reason for the unusual efficiencies found at low load comes
from unstable readings on the wattmeter. It was difficult to define a exact value when the input was varying so
dramatically so we just chose the average value.
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Table 6: Data taken at a constant 60V input for efficiency calculations.

Vin (V)
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60

Pin (W)
1.23
2.08
2.59
4.15
6.15
8.26
10.26
12.3
14.5
16.4
17.85
19.32
20.88
24.11
25.39
26.64
27.95
29.2
30.77
32.08
33.6

Vout (V)
14.27
14.275
14.275
14.274
14.273
14.273
14.272
14.271
14.271
14.27
14.268
14.267
14.266
14.265
14.264
14.264
14.263
14.262
14.261
14.261
14.26

Iout (A)
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1
1.1
1.2
1.3
1.4
1.5
1.6
1.7
1.8
1.9
2
2.1

Pout (W)
1.427
2.855
4.2825
5.7096
7.1365
8.5638
9.9904
11.4168
12.8439
14.27
15.6948
17.1204
18.5458
19.971
21.396
22.8224
24.2471
25.6716
27.0959
28.522
29.946

Efficiency (%)
116.0162602
137.2596154
165.3474903
137.5807229
116.0406504
103.6779661
97.37231969
92.8195122
88.57862069
87.01219512
87.92605042
88.61490683
88.82088123
82.83284944
84.2693974
85.66966967
86.75169946
87.91643836
88.05947351
88.90897756
89.125

Efficiency (%)

Efficiency Plot with Vin Set to 60V
180
160
140
120
100
80
60
40
20
0
0

0.5

1

1.5

2

2.5

Current Out (A)
Figure 18: Plotted efficiency for varying load. We believe the reason for the unusual efficiencies found at low load comes
from unstable readings on the wattmeter. It was difficult to define a exact value when the input was varying so
dramatically so we just chose the average value.
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Problems encountered:
•

•

•

•
•

Cutting off at 2A load
o Troubleshooting Techniques
 Increasing Ccomp capacitance
• No effect
 Decreasing Rcomp Resistance
• No effect
 Decreasing Rsense Resistance
• No effect
 Decreasing Inductance of L
• Minimal effect
 Adding RG to change the gain of the current sensing amplifier in the
LM5118 chip
Needs 10V input to start regulating but then can be decreased down to 3.5V
o Troubleshooting Techniques
 Checked the current ratings of all the components
•
 Check voltages at key nodes listed below for the correct value as per the
datasheet
• Enable
• Ramp
• SS
 We found that all the voltages were at the correct values to turn on the
chip at the start voltage
Mechanical Problems:
o Ground IN/OUT
 We cannot use the Ground we are currently using permanently
 Fix: Place a Ground via in the PCB separate from the input/output Caps
o Inductor touching Diode
 Fix: Move the inductor further up and to the right of the PCB away from
other components
• Still ensure that the critical current path is made as small as
possible
o Heat sink placement
 Need to wrap some heat sinks in front of the MOSFET
 On the next version of PCB we need to make sure that we make room for
the heat sinks.
Noise coming from the inductor
o EMI shielding required to reduce harmonic noise
Chassis Design
o Since we had trouble with the design of the converter we were unable to complete
a chassis design that would protect the converter and the user
o See Ideas for future below
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•

Output Voltage
o The output voltage appeared to be about 14.28V at no load instead of 13.7V.
 Fix: Change the second feedback resistor to a smaller value.
 It was difficult for us to change the second feedback resistor on the PCB
board to a smaller resistance because we had no lower value of ceramic
surface-mount resistor. However, when we encountered this same problem
on the first circuit on a breadboard, we fixed the problem by using a
potentiometer as a feedback resistor and adjusting the output voltage to a
desired value of 13.7V.

Ideas for Future Work:






Project to supply power back to the grid
o Additional Projects Required
 Charge converter
 Inverter
o Assemble the requirements that PG&E requires to supply power
 Create a full system that outputs these requirements
Problems with converter (Discussed above)
o Mechanical Problems
o Load Range Problem
o Input Voltage Problem
Design the chassis for the converter
o Protects the converter from damage
o Protects the user from getting shocked
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Conclusions
It was our goal to create a DC-DC converter that would output at a constant voltage of 13.7V
with varying input of 3 to 60V and load varying from 0 to 15A. After completing the design and
finishing our testing, we can conclude that most of these design requirements were met. We do
regulate voltage from 3 to 70V on the input to ~ 14.2V and this can be easily changed to the
desired 13.7V by changing the output sense voltage divider to the correct values. Also, we have
provided protection for our circuit that will keep the system safe from high surge currents that
may occur while in use. We did fall short on a few design requirements though. We have a
strange problem where our circuit requires an input voltage of at least 8V to start regulating, but
then will work down to the 3V level we designed it for. Also, we are seeing that when the load
increases above 2A the chip turns the system off and the regulator ceases to function. This is a
more problematic difficulty since in order to preserve our efficiency we must be able to operate
at the higher current levels. We expect to complete future troubleshooting to eliminate this issue
completely. It is also our expectation that our system was cheap enough that it will not be a
problem economically to the project as a whole. And it will pay itself off from our economic
analysis completed in the attached excel workbook.
We were unable to make the chassis for our design so we did not look at implementing safety
concerns and water proof sealing.
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Appendices
Appendix A: Parts List and Costs
Table 7: Parts required for the project listed with ratings, product numbers, and costs. Prices obtained from
Digikey.com

Component
Cboot

Value
4.7UF

Rating
25V

Manufacturer Part
Number
587-1782-1-ND

6800PF

50V

311-1135-1-ND

0.048

0.48

0.1UF
.10UF
560PF
10000PF
1.0UF

25V
100V
50V
50V
25V

PCC1828CT-ND
399-3486-1-ND
311-1125-1-ND
490-1664-1-ND
587-1281-1-ND

0.099
0.354
0.048
0.028
0.165

0.99
3.54
0.48
0.28
1.65

1.0UF

16V

399-1284-1-ND

0.095

0.95

4.99Kohm
1.00Mohm
1ohm
10.5Kohm

1/8W
1/8W
1/8W
1/8W

P4.99KCCT-ND
P1.00MCCT-ND
541-1.00KCCT-ND
P10.5KCCT-ND

0.091
0.091
0.89
0.091

0.91
0.91
0.89
0.91

61.9Kohm

1/8W

P61.9KCCT-ND

0.091

0.91

76.8Kohm

1/8W

P76.8KCCT-ND

0.091

0.91

32.4Kohm

1/8W

P32.4KCCT-ND
LVK12R010FERCTND
LVK12R012FERCTND

0.091

0.91

0.38

0.76

0.38

1.52

SBR30200CTDI-ND

1.66

8.3

1.73
1.436
1.21

10.38
14.36
12.1

1.98
2.92
90.00
12800.00

5.94
1
2

RUV2

Description
Boot Capacitor
Compensation
Capacitor
Compensation
Capacitor
InputX Capacitor
Ramp Capacitor
Soft Start Capacitor
Vcc Bypass Capacitor
Vccx Vypass
Capacitor
Compensation
Resistor
Enable Resistor
Feedback Resistor
Feedback Resistor
Oscilator Timing
Resistor
UVLO Divider
Resistor
UVLO Divider
Resistor

Rsense

Sense Resistor

0.01Ohm

1/2W

Rsense2

Sense Resistor

.012 OHM

Diode
MOSFET NCH
Cout
Cin

Shottky
FET
Output Capacito
Input Capacitor

Fuse
LM5118
PCB
Labor

Fuse
Controller Chip
Circuit board
2 Engineers, 800 hrs.

1/2W
30A
200V
100V
80A
20V
100V
65V
15A

Ccomp1
Ccomp2
Cinx
Cramp
Css
Cvcc
CVCCX
Rcomp
Renable
RFB1
RFB2
RT
RUV1

47UF
2.2UF

35

IXTP80N10T-ND
399-4784-1-ND
587-1778-1-ND
F2593CT-ND

Cost/Unit Amount
0.33
3.3

Appendix B: Gantt Charts

Figure 19: Gantt chart of our actual progress over the 2 quarters.

36

Figure 20: Gantt chart of project progress over the 2 quarters.
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Appendix C: LAB MANUAL
BUCK-BOOST CONVERTER
PRELAB:
Derive the transfer function for a buck-boost converter?
OBJECTIVES:
To produce a regulated output voltage of 13.7V at input voltage range of 3.5V – 70V and
varying load current.
EQUIPMENT:
Banana to Grabber (4)
Power Meter
Electronic Load
Multimeter
DC Power Supply or Exercise Bike Machine with DC output.
INTRODUCTION:
A constant voltage level of about 13.2V – 14.4V is needed to Charge a battery. A buck-boost
converter is needed to maintain a constant output level at variable input voltage. The converter
act as a boost-converter, when the input voltage is less than the desired output voltage. And
behaves like a buck converter when the input voltage is higher than the desired output voltage.

PROCEDURES:
1.WebBench Simulation:

a) Go to http://www.national.com/pf/LM/LM5118.html#Overview
b) On the right hand column, Input:
Vin (lower) = 5V
Vin (Higher) = 60V
Iout = 2A
Ambient Temperature = 300C
c) Run the Web Bench Simulation
d) Increase the Optimization tuning to obtain the highest possible efficiency
e) Obtain a plot of:
1. efficiency vs load
2. Pout Vs Iout (Load Regulation)
3. And V0p-p Vs Iout
Note: You might be required to create an account with National Semiconductor before running
the Web Bench Simulation
2. Hardware:
Variable DC Power Supply
or Exercise Bike with DC
Output

Input

Buck-Boost
Converter
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Output

Electronic Load and
Multimeter

Fig 1: Lab Setup Connection

a) Connect the Buck-Boost circuit provided in the lab as shown above.
b) Turn on the power supply starting at about 8V to boot up the buck-boost converter..
c) While the Electronic Load is set to zero, vary the input voltage from 5V to 60 volts with
steps of 5V and measure the output voltage.
d) Tabulate your data and obtain the Line Regulation
e) Plot the output voltage vs. the input voltage
f) Set the Power supply to 10V, turn on the electronic load and increment the value from 0.1A
to 1A with steps of 0.1A.
g) Record the input voltage, input current, output current, output voltage.
h) Tabulate your data and obtain the Efficiency, and Load Regulation
i) Plot efficiency vs Output current.
j) Repeat steps f-i for input voltage of 30V
k) Repeat steps f-i for input volt of 60 V. However, increment the electronic load from 0.2A to
2A with steps of 0.2A.
DISCUSSION:

1) Briefly explain the topology used in the LM5118 buck-boost converter
2) Why is the output voltage of the LM5118 buck-boost converter not inverted like the
transfer function derived in the pre-lab.
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Appendix D: User Guide
1. Changing the Fuse
a. Currently the new fuse must be re-soldered in the place of the old fuse
i. Just heat the solder with the soldering iron until the metal becomes liquid
then push the fuse of the circuit board away from other components.
ii. Then place the new fuse in the same location on the circuit board and add
new solder.
b. See the Image below for Fuse location

Figure 21: Shown is the PCB layout with the Fuse location circled in light blue. The fuse should be placed across these
pads.

2. Locating Input and Output test locations
a. See the Image below, Input and Output test locations are labeled

Figure 22: Shown in the PCB layout above is the test locations for input and output along with grounds. The IN and OUT
locations are circled in light blue and the Grounds respectively are circled in purple.
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Appendix E: PCB Layout
T he first design completed was just to get acquainted with the Express PCB software. Future designs
will take into account: trace length, ground planes, and trace width as well as part sizes of components.

Figure 23: 1st Draft PCB Layout, still need to change traces of higher current's thickness. We will be working on this
over the summer.
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Figure 24: Final PCB layout design used for production. This design took into account all the techniques for creating a
PCB Layout. We used 3 separate ground place, IN, OUT and Signal Ground and made them all come together at a single
point near the sense resistor. We increased the widths of higher current path traces. Finally we tried to make the critical
current paths in the circuit take up minimal board space.
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Appendix F: IC Location Diagram

Figure 25: Schematic used to check the continuity of the above PCB layout. This ensures that there are no missing
connections.
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